Owing, to wvar conditions this address was not read before the Section at date of going to press] THE Great War and the ubiquitous motor car have revolutionized our outlook on head injuries, so that for the past two decades less attention has been paid to fraetuires of the skull, and more to damage of the intracranial contents. Indeed in a series of 441 cases of head injury Maclure and Crawford found 39%0 of them to be free from fracture of the skull [1] . Except in cases of compound fractures, penetrating gunshot wounds, that rare form of extradural hbimorrhage due to injury of the middle meningeal vessels, and, less urgently, in cases of depressed fracture causing irritation, the modern trend is towards non-interference; and, whilst combating the risks of sepsis, the surgeon tries to assess the cerebral damage. Trotter [2] has observed that " kinetic energy (on which the seriousness of accidents obviously depends) varies with the mass and the square of the velocity of the moving bodies concerned ". Thus if an accident occurs in horse traffic moving at 10 imiles per hour, and a motor accident occurs when moving at 30 miles per hour, the kinetic energy involved in the latter case is not three, but nine times that of the former. The same law applies to the bullets of war-time and the blasts of mines and high explosive missiles.
Russell [4] believes that there must be some molecular disturbance of the brain tissues themselves which inhibits the flow of impulses, the " commotio" in fact of the older writers. Jefferson [5] hints at an interruption of the higher neuronal mechanisms, the possibility of electrolytic disturbances, and of variations in the hydrogen-ion content of the brain tissues. Greenfield [6] rejects the vascular view as expounded by Trotter on several grounds; among others, that there is no evidence that this emptying of capillaries, if it does in fact occur, would cause a sudden cessation of the functioning of nerve cells. Anoxaemia would have to be continuous for some seconds to cause a general loss of nerve functiop. Incidentally, he also rejects the so-called " humoral " theory put forward by Duret [7] ; that is to say, that at the moment of impact a wave of cerebrospinal fluid passes suddenly throughout the ventricular system, bruising and tearing as it goes, insulting all the structures within its reach, for instance the choroid plexuses, the thalamus, the hypothalamus, and the brain-stem. Attractive as he admits this theory to be, there is no evidence that this wave actually occurs; and even if it did, it would not explain haemorrhages remote from the immediate course of the wave, such as those into the ventral portion of the pons. Greenfield, basing himself on histological research, inclines to the theory of the deformation and stretching of nerve elements and vascular tissues, due to sudden alterations in the shape of the brain, not only at the point of impact, but at any point where the movement of the organ is resisted, for example near the dural septa and the bony ridges on the floor of the skull. Although the lesions are widely spread they are definitely focal. Consciousness appears to be centred in the thalamus; and the sudden deformation or stretching of fibres leading to and from this region, would explain the loss of consciousness. It seems probable, he tells us, that this may be due to a sudden displacement of the cerebral hemispheres in relation to the incisura tentorii, distorting the connexions of the hemispheres with the brain-stem.
A proportion of fatal cases of concussion show few, if any, local lesions at autopsy; whilst others with gross and diffuse cerebral lesions had experienced only mild concussion in life. It is important to remember that in all but the mildest cases, concussion is accompanied by contusion, and possibly by other serious conditions as well. There has been a tendency accordingly to discard the word " concussion " altogether ; but, since it is the symbol of a state which we can recognize clinically, it is useful to that extent, and should be retained accordingly.
In concussion the disturbance of function varies in severity and duration. The patient may be momentarily stunned, a degree of mental confusion and headache following, and the pulse and respiration remaining normal. The symptoms clear up within twenty-four hours. We see this sort of things in boxers; and the footballer may continue his game after an accident in an automatic fashion, " poorly adapted to its changing circumstances. Behaviour of this sort bas always the stamp of imperfect conscious guidance " [8] . Such a state of affairs may follow a glancing blow, the cerebral hemispheres alone being affected; but concussion may be a much deeper and more serious matter than this, if the stem of the brain and the medullary centres are involved. There may be such severe impairment of bulbar function as to arrest respiration for the nonce. In fatal cases of this sort bulbar anaemia plays its part.
When a patient is deeply concussed, he lies limp and pale, his pupils are dilated and may be fixed. Except in speedily fatal cases where the pulse is rapid and feeble, its rate is usually slow, and respiration is shallow with periodic sighing. The reflexes are almost or completely gone. The respiratory centre fails first. As a rule, however, the pulse continues to beat; and the respirations, irregular at first, soon become deeper and better sustained. The reflexes return, the reaction to light being the first to appear. The patient is restless and irritable, and vomits 53 frequently. The blood-pressure improves, and the temperature may be slightly raised, the patient complaining of headache. Up to this point the lower and vital mechanisms are recovering their functions. The restoration of the higher fuinctions, as perceived clinically, will depend to a considerable extent on the patient's personality. He may be irritable or emotional, talkative or drowsy, but he will not be reserved. Later, the normal inhibitions and insight are restored, and the higher selfconsciousness once more takes charge. The tendency is for the symptoms to pass off spontaneously, and to leave a residue of amnesia for the moment of impact.
Such then are the two extremes of concussion. In all but the very severe eases the reaction commences within a few minutes. If the restoration of consciousness is delayed for more than an hour or so, if the stage of reaction is prolonged for more than twenty-four hours, if stupor recurs after consciousness is regained, if there are signs of extracerebral damage, if there is local paralysis, or if blood is found in the cerebrospinal fluid, then it is clear that the substance of the brain has been grossly damaged, and that we are dealing with something more than the clinical state of concussion. None but the mildest cases escape some organic damage to the brain tissues; nor is the degree of concussion necessarily an index of the extent or the severity of the lesion. Cerebral contusion. What then are the possibilities as regards the underlying damage ? By far the commonest are cerebral contusion, and laceration of the brain substance. Both cause focal necrosis, but the latter differs from the former because of the greater amount of haemorrhage in laceration. In contusion the haomorrhages are punctate; quite local in the milder cases, but irregularly dispersed and widespread in the deeply unconscious.
A usual thing at autopsy is to find the contusions localized at the poles of the brain. Sometimes the undersurface of a frontal lobe is severely bruised, it may be a temporal or occipital lobe, or there may be punctate heemorrhages in the neighbourhood of a laceration. The area about the hypothalamus, with its sensitive vegetative centres, may be the site of these hoemorrhages, with resulting bradycardia, hyperthermia, and certain metabolic disturbances whose precise effect upon the tissues of the brain is still obscure. Again, these punctate hoemorrhages are found in the mid-brain or in the brain-stem. Another common feature at autopsy is a widespread pericellular cedema, a reaction phenomenon. Ritchie Russell [4] refers to a deeper condition within the substance of the brain, namely a fibrous glial reaction, and a reaction of the protoplasmic astrocytes. Greenfield [6] , in describing speedily fatal cases, stresses the scattered distribution of the hwemorrhages, both in the white and the grey matter, and a local, rather than a general, distribution of the cedema. In cases coming to autopsy months or years later, he notes a degree of demyelination and scarring in the white matter; and if there has been a fracture, an extensive loss of cortical tissue. There is a general thinning of myelin sheaths rather than a complete loss of myelin; and to this fact, as well as to the scarring, he attributes the shrinkage of the brain substance.
Histological study shows changes in the nerve cells and fibres, changes in the walls of the vessels, and evidence of oedema. Axis cylinders are ruptured, astrocytes are swollen, and the microglia degenerates. Even minor lesions of the arterioles iimay damage their endothelial lining, and also affect the local contractile mechanism by which they respond to changes in internal pressure. Then there are the " ring " haemorrhages due to blockage of the smaller vessels, and damage to the lining endothelium may lead to thrombosis. There may be fat embolism. All these evidences of histological damage are localized within the contused area, so that the damage is focal rather than general, and Greenfield believes that the thinning of the mnyelin sheaths is duie to secondary cedema.
The contents of the skull differ in weight and in consistency; they differ, therefore, in their momentum. The brain substance has a certain elasticity, the blood circulating within the vessels of that substance is subject to ever-changing pressures, and the cerebrospinal fluid in the ventricles and subarachnoid space has a resistance of its own. The fluids have a potential power of yielding when the skull is suddenly distorted by the impact of a blow. The blood may be squeezed momentarily out of the cerebral circulation, and the cerebrospinal fluid may recede in part into the spinal subarachnoid space. The falx cerebri and tentorium resist sudden pressures and momentum, and the bony ridges on the floor of the skull and at the site of contre coup have a similar effect.
Much work has been done on the inco-ordination that results between the two cerebral circulations, the blood and the cerebrospinal fluid, in gross head injuries. This results from damage to the choroid plexuses and arachnoid villi. To this cause, as well as to the stretching of tissues, the dural septa, and serous membranes, are attributed the headaches and other distressing symptoms to be presently described.
Jefferson has stressed the point that the pressure of the cerebrospinal fluid is often low, certainly not notably increased; and that the effects of hypertonic saline are far from being uniformly successful in producing a return to consciousness. Moreover, operation under local aneasthesia not infrequently reveals a low-pressure brain. Hence the conception so commonly held, that compression is the cause of the stupor, is not entirely correct.
Contre coup would appear to be a question of the relative velocity of the skull, and the object with which it comes in contact. Thus, if a man falls on the pavement and hits his head, the brain may tear itself away from its coverings by its own momentum. In this way meningeal vessels are torn and bleed. But if a blunt instrument is applied to a man's head when the latter is stationarv, it is probable that the resulting momentum of the brain substance causes it to impinge with great force at a point on the skull opposite to the point of application of the blow [9] . This causes haemorrhage and laceration, often severe, at the former point, and results finally in dense scarring of the brain tissue in the damaged area.
To these pathological entities Jefferson [5] has added what he aptly terms the " epiphenomena "; that is to say extradural, subdural, and subarachnoid haemorrhages due to laceration; together with the possibility of circumscribed collections of arachnoid fluid, a reactionary increase in the cerebrospinal fluid, and occasionally an internal hydrocephalus due to an obstructive arachnoid adhesion. Finally he lays great stress on the presence and clinical recognition of a delayed subdural haematoma.
Cerebral contusion is in its essence a traumatic encephalitis. If the patient has recovered full consciousness within twenty-four hours, we speak of it as an immediate or "minor " contusion; if the patient remains unconscious for a longer period, it is called a " major " contusion. This latter may precipitate an acute traumatic psychosis in which we see coma and stupor in varying degree. Whereas in concussion the classical features are widespread paralysis and coma, so in a major cerebral contusion its hallmarks are irritability and confusion. How much of the stupor is actually due to direct contusion, and how much to reactionary oedema ? Patients are presented to us in varying depths of coma ; they may be deeply unconscious, with widely dilated pupils, cyanosis, stertorous respiration and absent reflexes. In such cases death is speedy. Others are presented in a state of recovering consciousness; they can generally be roused sufficiently, dazed though they are, to co-operate in examination. Some relapse into unconsciousness; the crucial point is the depth of this unconsciousness. Light stupor and no physical signs mean holding one's hand; deep stupor and the presence of physical signs invite exploration. There are cases who are non-co-operative for hours, it may be for days; in them the stupor varies in depth, but their general condition is not usually bad. They can scarcely be regarded as comatose; they move about in the bed in a restless, irritable manner, and recover gradually.
Doubtless there is a large measure of reactionary cedema in these cases ; but there may be, for all the examiner knows, a focal ha,morrhage, and this may be accumulating at a varying speed. During the stage of reaction we see delirium at night, and in the daytime irritability, resentment, disorientation, and sometimes even violence. The patient lies curled up with his eyes away from the light; if he complains of anything it will be of throbbing headache or photophobia. This stage of reaction reaches its height some two or three days after the injury. The semistupor and the fill bounding pulse make one wonder how far this so-called " cerebral irritation " is due to pressure of some sort, either from haemorrhage or cedema, and how far to inhibition of neural function. The condition nowadays is called "traumatic delirium ", which is a far better term than " cerebral irritation ". This stage will be prolonged in the presence of multiple contusions; and the coma or stupor, as the case may be, will be modified if there happens to be a haemorrhage elsewhere than in the head, for instance a coincident ruptured spleen.
Recovery. The stages of recovery are subject to fluctuation and relapse. They always follow the same order, no matter whether the recovery of consciousness is a quick process, or whether it takes place, like a slow-motion cinema picture, in a series of clinical stages which can be recognized by the medical attendant. Some cases recover full consciousness in less than forty-eight hours ; others take days, weeks, or even months, even up to ninety days or more.
Broadly speaking, Symonds [10] perceives these stages under three headings: (1) Stupor, (2) Excitement, (3) Confusion. From flaccid coma the patient reaches a state of deep stupor, with no response to external stimuli except of the grossest character, alimentary and excretory. This deep stage of unconsciousness seldom lasts more than forty-eight hours, if as long. The next stage is that of excitement. The patient is dazed and bewildered, irritable, resistive, and resentful of interference. This stage may last for days or weeks, and is liable to setbacks for two or three days at a time. In the succeeding confusional stage the patient is quieter and more decorous, and his speech gains in coherence. Indeed, for a brief period he may speak quite rationally, and so deceive the observer. It will be noted, however, that he is still somewhat disorientated, that his memory is grossly impaired, that his judgment is faulty, and that he still has some disturbance of speech. On the affective side he is unduly elated, garrulous, and inordinately familiar with his attendants. He is quite unable to handle and co-ordinate the data governing a situation, no matter how simple; he has lost the power of " synthesizing ", as Symonds puts it; and lastly, he perseverates in action and in word. Whilst in this state of childish elation, he indulges in pseudo-memories and confabulation, just as one sees in the Korsakoff syndrome. During this confusional stage certain psychotic manifestations may come to the surface ; a paranoid state for example, a schizoid tendency, a manicdepressive tendency, or a change in personality. Finally there comes recovery of memory and insight. The patient may sit up suddenly and say " Where am I ? Whatever has happened ? " It becomes obvious to the observer at this point, not only that insight has returned, but that this is the time to test the degree of amnesia for the moment of injury, and the length of the retrograde amnesia. In the matter of amnesia one finds during the confusional stage that the blank interval appears longer than is actually the case. A recollection of facts which shortly preceded the accident is a sound indication that the patient has regained full consciousness.
Progress.-In assessing progress towards the return of consciousness, it is wise to note the development of speech. At first there may be nothing but a groan or a shout, constantly repeated. The vocabulary increases gradually, mainly as a repetition of words or a meaningless string of jargon. The patient pays little attention to questions. In the confusional stage which follows, he is still disorientated and garrulous; and his inconsequent flippancy is a gauge of the inhibition of his higher centres. His sense of the social decencies has not fully returned. Finally, with the return of orientation and a normal sense of inhibition, it becomes clear that he is beginning to reason and judge; at first he can deal only with single propositions based on a few data, but presently with matters which have a broader and more complicated basis. With recovery of insight, which is itself based largely on memory, speech falls into line, and the senseless perseveration of action disappears. Just as we are able on occasion, as for example in a subdural haematoma, to observe the descent from the rational state in series down to dementia, so in these cases we are privileged to observe the converse process from coma or stupor upwards in a series of stages to normal reason, insight, judgment, and control.
The temperature during the first twenty-four hours may rise from the subnormal state of the original concussion and shock to perhaps 1010 F. In severe cases the pyrexia may last for more than forty-eight hours, the patient still being unconscious. In fatal cases the pulse is feeble and thready at the start, and its rate increases progressively until death takes place. On the other hand, if there is a healthy stage of reaction, the pulse, which was fast and feeble during the early stage of concussion, becomes slow and hard-a welcome sign. The respiration, at first rapid and shallow, deepens as recovery of consciousness advances. These three, the temperature, the pulse, and respirations, should all be normal within a few days.
There is no constant relationship between the degree of stupor and the pressure of the cerebrospinal fluid. The normal pressure is round about 160 mm. of water. Russell [4] found in his long series of cases that the pressure did not rise above the normal figure in three of the most deeply comatose cases. In seven stuporose cases it was below 200 mm., and in 12, where consciousness had already returned, it was above 200 mm. 330 mm. is about as high as the pressure does rise in these traumatic cases. Blood in the subarachnoid space is an irritant. It is very rapidly removed by phagocytosis, and a fall in the protein content takes place pari passu with the blood clearance. It may be that haemolysis of free blood in this space and in the tissues is the cause of the temperature.
Throughout the progressive ascent from coma up to consciousness there may be setbacks. The patient may relapse into coma, a serious indication. These setbacks reveal themselves by certain danger signals, wisps-of-the-wind it is true in many cases, but enough in some to help us to decide whether the damage is due to cerebral contusion alone, or to something more than cerebral contusion. It is always difficult to convince lawyers and laymen that the brain may be damaged without injury to the skull, and indeed that damage to the skull is likely to absorb the main force of the blow, so that the brain itself escapes. It is equally difficult to convince certain medical men that there may be gross cerebral damage without physical signs. As a matter of fact, however, these physical signs are commoner than one might suppose.
The difficulty is to elicit them because of the stupor and lack of co-operation on the patient's part. Thus, defects of smell and hearing, which are very valuable evidence, may not be tested for because the semiconscious patient does not complain of them. Pupillary signs are the commonest, eccentricity and reflex impairments (these suggesting contusion of the mid-brain), and grosser things like diplopia, defect of conjugate movement, and visual deficiencies. As a rule these disappear fairly rapidly. There may be epileptiform convulsions; and Parkinsonian features occasionally present themselves at a later stage. Incontinence of urine may continue, even after 6 56 7 United Services Sectton 57 consciousness has been recovered. The Hutchinsonian pupil, when present, is a matter of the first importance; and one may be able to detect a contralateral palsy even though the patient is in a state of stupor. To neglect physical examination of the nervous system just because the patient is unable to co-operate, Nould be a tremendous mistake. Indeed, the sooner an exhaustive examination of the nervous system and the cerebrospinal fluid is made the better. The data thus gained may be of inestimable value in conmparison with those of examinations made at a later date.
Residual symptoms. When the patient has recovered from the acute traumatic psychosis, that is to say from the confusional stages, we may profitably begin to analyse the residual symptoms of contusion, and to tease them out from any accompanying lesion. Trotter [3] taught us what these symptoms are: Headache, giddiness, irritability, nervousness, defective memory and power of concentration, fatigability, lack of initiative, and insomnia. To Trotter we owe the recognition of this combination of symptoms as an organic syndrome with an organic significance. Neurologists speak of the condition as ' the post concussional syndrome ". It is not uncommon even at the present day for this group of symptoms in head injury without fracture to be looked on by unskilled observers as hysteria, or a compensation neurosis, or some other kind of psychogenic disorder. True, such neuroses may be superimposed in time on this syndrome of cerebral contusion; indeed they often are, as will presently be seen. The important thing, however, is to realize this, that in almost every case of cerebral contusion, no matter how minor it may be, there is some organic residue. If this fact is fully grasped, all the distressing sequelae which are wont to follow in its train will be anticipated, and their proper measure taken if they occur.
The headache has its own very definite characteristics. It is a real pain, not the mere discomfort that the neurotic experiences, but a shooting, piercing, splitting, or throbbing headache; and it is induced or made worse by any change of posture such as bending down, and by coughing or sneezing. It is often complained of when the patient sits or lies in a definite position, when he retires to bed, when he wakes up, during physical exertion, in bright lights, and if the atmosphere is thundery. The giddiness is a floating sense of unsteadiness rather than a true vertigo, with a feeling of rotation. It comes on when the patient stoops or gets out of bed suddenly; and transient though it is, it constitutes a source of perpetual inconvenience and discomfort to its owner.
Permanent mental downfall of a type that requires the care of others is unusual, unless the case is complicated by a massive haemorrhage or a subdural haematoma; but minor degrees of mental disablement are quite common and may last for years. Subdural hcematoma. It is not irrelevant at this juncture to discuss the possibility of the occurrence of a subdural hoematoma; for this insidious and inscrutable sequel may come on acutely at an early stage, or weeks, or even months, after the original trauma. Its treacherous progress, or its sudden emergence in the guise of aI rapidly increasing intracranial pressure, may well constitute an obscuring blur in the picture of contusion. Sometimes a large hematoma results from an insignificant polar contusion; again an extensively damaged cerebral surface may have a film of blood spread over it. It may occur in an acute form due to the tearing of cortical or pial vessels in the neighbourhood of the lesion, and be almost indistinguishable clinically from a case of extradural haemorrhage. Sometimes there is a succession of haemorrhages from a torn cortical vein, a tributary possibly of one of the dural sinuses.
This slow accumulation accounts for the latent interval. It may be that the lesion is bilateral in the region of the vertex.
Headache is the most constant symptom, frequently a unilateral headache. There may be vomiting and a slow pulse, and possibly papillcedema from increased intracranial pressure. The patient is drowsy and mentally confused, and the salient feature in the diagnosis is the fluctuation that occurs in the depth of the stupor. It may vary from a state of irritability in the less drowsy moments, down to a state of deep coma at its worst. There may be focal signs as well, a hemiparesis, a dilated pupil, or alterations in the deep reflexes. Convulsions may take place, cranial nerve palsies may present themselves, and the plantar responses may be extensor. If the lesion be bilateral, a hemiparesis may mislead one. The cerebrospinal fluid varies; it is frequently xanthochromic, on the other hand it may be quite clear. The case, when diagnosed, becomes one for operation as soon as may, be; and surgeons are accustomed to explore both sides of the skull in the parietal region. Removal of the cystic mass yields an excellent result, if the intracranial pressure is not unduly disturbed in the process.
Treatment. The routine treatment in cases of conitusion is directed towards measures for dealing with the original collapse; for example, heat, raising the lower end of the bed, and strychnine if the respiratory centre appears to be embarrassed. The patient is placed in darkened surroundings. The lumbar puncture gives an indication as to intracranial pressure. If this is found to be high, prop the patient up; if low, keep him recumbent. If the pressure is near normial, then the head aiid shoulders should be moderately raised. If meningeal symptoms appear, as is usuial in cases of subarachnoid haemorrhage, then lumbar drainage will have to be undertaken. This must be done with caution, the manometer being brought into use; and no more fluid than is absolutely necessary must be withdrawn. Less risky, and equally effective from the point of view of reducing pressure, is the use of sucrose intravenously, and the employment of magnesium sulphate (30%/ ) per rectum at six-hour intervals. At the same time one limits the intake of fluids. These methods of dehydration give the brain room to expand in its unyielding surroundings, and check the tendency towards a general spreading of reactionary oedema. The use of hypertonic saline is beginning to be called in question because it causes a reactionary rise. These and similar measures have superseded subtemporal decompression as a routine. Leriche recommended hypertonic saline intravenously in cases where the pressure was low-. Chloral, the bromides, hyoscine, and luminal, all have their advocates, and make better sedatives than morphia which has a depressant action on the respiratory centre. Prolonged rest in bed and prolonged convalescence are inevitable in the severe cases ; but in the milder cases this is not always a necessity. Simpson (11) has devised some interesting tests involving stooping and head-shaking to guide us as to the period of complete rest. It is most essential to avoid anything likely to lead to an anxiety state throughout the period of treatment.
Lambert Rogers remarks that since routine dehydration has been adopted right from the start in a large series of motor accidents at Cardiff, mental sequela, and indeed complications of all sorts, have become quite uncommon. " A striking change is the absence of cerebral irritation, and we no longer have cases shouting the wards down." Surqical treatmnent. Extensive scalp wounds and compound fractures of the vault require immediate surgical treatment, the removal of dirt and debris and fragments of bone being essential. Depressed fractures can as a rule be dealt with later. Subtemporal decompression may have to be considered in certain cases, where, despite routine dehydration, a progressive rise in pressure occurs. It is good practice to give luminal as a routine sedative for some months after convalescence is established.
Delayed symptoms-.If the patient is not rested sufficiently after apparent recovery, symptoms of what is known as 'persistent contusion " may appear after his return to work. It is in this type of case that one is often left in doubt as to how much is organic, how much due to anxiety, and how much to impending legal or insurance proceedings. On the success of the lines of treatment indicated above and similar measures, the destiny of the patient largely depends; nor does one despair if there is a long period of stupor and confusion. The outlook of traumatic delirium and of persistent contusion are definitely hopeful in the long run, but there are still these residual symptoms and their sequelie to be considered.
The headache of neurosis is a continuouis discomfort rather than an agonizing pain. It arises from a painful memory; and inasmuch as amnesia for the mowi-ent of imipact is an essential feature of concussion and contusion, this painful memory must be of a different order. Nevertheless, even though such a headac'ne be discovered about this time, the scale should be weighed down on the side of organic injury, if there happens to be a history of stupor or unconsciousness lasting tw-enty-four hours or more after the original injury to the head.
Ritchie Ruissell [4] made a useful " follow-up " on the survivors of his cases.
He examined 141 six months after their discharge from hospital; .55 had no abnormal symptoms, the remainder had residual symptoms. Headache was still severe in 13,
and was more conspicuouis in the young, and among those who had been unconscious for less than twNenty-four hours. Dizziness persisted in 21 ; its incidence was greater as age advanced. Mental symptoms were chiefly of a minor degree; for instance a mild aphasia, difficulty in concentrating on one's business, deficiencies in memory, and indecision. Some of those who had been unconscious for more than twenty-four hours had already degenerated into a state of dementia. Nervousness was more common among the children; and in them changes of character, always for the worse, depravity, delinquency, and uindue backwardness at school were more marked. Nine cases still complained of insomnia. On the whole it mav be said that the patients in our three Services will have been invalided before some of these residual symptoms have had time to appear; but in assessing their disabilities in terms of percentages, it is imperative that MIedical Officers should realize very fully the organic nature of the lesion with which they are dealing, and the somewhat grim possibilities that may arise from it in the fuiture. It is not merely a question of " fit " or " unfit " from a Service point of view. In the terms of their contract, enlisted men are entitled to treatment, and a fuill and clear knowledge of the sequelk is inherent in the matter of sound treatment and in the thorny question of disposal of these unfortunate patients.
Major sequleh. Dealing with the insurance aspect of this subject, Trotter put the major sequela. in the order of their importance as follows: Residual infections, epilepsy, cerebral neoplasms, and unresolved contusions. Residual infections are only common, however, after penetrating wounds, it may be years. after the original damage. A secondary abscess results, due to foreign matter driven in with the original missile. This is the great danger of war wounds ; hence the necessity of cleaning them up as early as possible, and extracting the bullet or splinter if it is accessible. Trotter [2] states that, ' there is no evidence that injury has any effect in the production of a cerebral tumour ". Epilepsy and the persistent cerebral contusion are the remaining considerations.
I am of opinion that this order must be modified from the Service point of view. For us it becomes a question of what can be recognized whilst the patient is still under our care, that is to say before he is invalided from the Service ; and what may happen afterwards, not oniitting from our calculations the possibility of disciplinary proceedings, and compensation and insurance questions at any point in the course of the malady. I think the order should be as follows (1) Persistent cerebral contusion proper.
(2) Such neuroses as may be imposed thereon.
(3) Affective and emotional states which may develop. (4) Hysteria. (5) Epilepsy and its equivalents, with moral depravity and deterioration in personality, sometimes degenerating into a state of dementia. (6) Psychoses. Two questions assert themselves persistently throughout the period of observation:
(a) Can trauma be the actual cause of a psychosis, or is it merely a precipitating or aggravating factor ? (b) Can latent neurosyphilis be rendered active by trauma ? These questions at once suggest others, for instance, what interval of time must elapse before the trauma and any subsequent mental aberration can be considered independent of one another, and how far do alcoholism or arterio-sclerosis modify the picture ?
(1) Mapother [121] describes the residual symptoms of persistent contusion under the heading of traurmatic psychasthenia "; and it is well at the outset to underline his observations on the minor phases of the condition. For instance, it may not be apparent at a single interview that the patient is suffering from a collection of symptoms, which taken by themselves might be inappreciable, but taken together may quite reasonably destroy a man's usefulness for responsible work. Lack of initiative, retardation, loss of memory for engagements, and more especially indecision in a person aceustomned to decide things, constitute the type of symptoms on which he lays stress. Again, there may be an inability to sustain continuous thought, and even a slight degree of confusion, so that the patient cannot think clearly.
(2) How often does one find such a series of symptoms dismissed as " traumatic neurasthenia ", their organic origin being completely ignored ? True, anxiety states may be superimposed on these distressing symptoms, and with good reason; for the patient finds himself wholly unable to adapt his mind to the normal routine of life, and particularly to the duties of his former occupation. He fears for his income, and compensation questions add to his burden. Some patients reveal intense anxiety lest they may be going insane. Wonted tasks, which they now find beyond their capacity to perform, render them irritable and depressed. The emotional state tends on the whole towards depression. It cannot be too strongly stressed that the persistent contusion has an organic origin; indeed it constitutes " a minor degree of that receding dementia which is a feature of the more obvious and prolonged mental disturbance" [10] .
The consensus of authoritative opinion is that neuroses are not so very common after head injuries; what are so often registered as such are in reality the mental symptoms " of a major contusion, spread thin " [10] . Certainly, compensation neuroses and hysterical symptoms are no more common after head injuries than afterinjuries elsewhere. Nevertheless, mental stress may well be an aggravating factor in the genuine symptoms of contusion. "One can hardly conceive a greater mental strain," says Symonds, " than that of a lawsuit hanging over a man, who has nothing to show in evidence of disability besides his own word ". There will always be some, of course, who make the most of their symptoms, in the hope of gaining thereby the maximum degree of compensation. These hysterically inclined persons are craving for sympathy, and rather than return to work, they take refuge in theirsymptoms. Then there are the actual constructive malingerers, who are more easy to rebut. Purdon Martin declares, ' We may scoff at these, but we must be careful to recognize that the difficulty of obtaining fair compensation gives rise, especially among the working classes, to a great deal of genuine anxiety " [13] .
(3) Conduct, whether normal or pathological, is constantly tinged with emotional tones; moreover we are all creatures of instinct and habit. Behaviour is seldonm based on a single conscious motive. It therefore behoves the Medical Officer who is dealing with the later stages of a head injury, to recognize and define the organic syndrome of contusion, and to estimate its intensity before proceeding to elaborate his diagnosis. Thereafter, he should contrast this estimatewith whatever else may be imposed upon it, weighing all the facts first, and deducing motive afterwards. This duty he will best perform by going very carefully into the patient's previous history, his mental capacity and affective tendencies, before the occasion of the trauma, consulting relatives and fellow-workers, and comparing matter written before the injury and after it. It may even be worth while to obtain a series of photographs. Whilst performing this task he should recall that retarded intellectual processes and a defective memory, especially for recent events, form sound evidence of organic damage. In the neurasthenic proper, on the other hand, he wrill at once perceive the volubility, the wealth and the variety of the symptoms, and the typical headache, that is to say complaints of pressure on the vertex, or the feeling of a tight band compressing the head. Most important of all, the neurasthenic patient will recall and describe his accident, which in many cases was quite trivial, and reveal no amnesia for the moment of impact, which is the outstanding featuire of concussion.
(4) Gross hysteria in these cases of accident is the restilt of pre-existing hysterical tendencies. These may be elicited by skilful questioning. The more markedly depressed cases are those who are constitutionally of a manic-depressive diathesis. If it be true, as is stated, that suicide is on the increase, particularly after motor accidents, it is possible that these naturally depressed cases are reponsible for the rising figure. (5) Epilepsy is wont to follow upon injuries to the head. Three questions at once arise. What percentage is so followed? How long does epilepsy take to reveal itself after the trauma ? And, is this traumatic form of epilepsy a new feature in the case, or is it a latent idiopathic epilepsy brought to light by the injury ? Trotter thinks that 5% of head injuries become epileptics in due course, and, that if epilepsy is about to occur, the tendency will have shown itself within twelve months. If after two or three fits the patient is free from attacks for two years, it is unlikely that he will become an habitual epileptic. Stevenson [14] puts the figure after war injuries at about 40%. The first major convulsion is frequently preceded by attacks of petit mal, some of which come on at night, so that they pass unobserved. Then there are all sorts of epileptic equivalents, emotional outbursts, automatism, dream-states, paroxysmal headaches, and vertigo.
Sometimes the disturbances are of a vasomotor character, for instance pallor, flushing, and sweating. More puzzling are the states of absent-mindedness, prolonged amnesia, and fugue. These sometimes alternate with true epileptic manifestations. Bolus [15] , of the Ministry of Pensions, states that the longest claim between trauma and the first major epileptic attack was one of sixteen years, and that this claim was accepted by the Ministry.
Scar tissue and adhesions follow contre coup lesions and penetrating wounds. These drag, and sometimes result in epileptoid phenomena. Penfield and Foerster [16] have applied encephalography in these conditions, and they confirm the effects of traction which distort the ventricles. Wagstaffe [17] is inclined to think that those who had Jacksonian fits just after the injury are more prone to develop epilepsy later on.
(6) Pronounced changes of personality and marked irritability, in a person usually stable, are usually signs of organic lesion [18] . Among these changes is one called "persistent demoralization". This is not necessarily associated with epilepsy. It is found most commonly as a sequel to head injuries in children, but was quite usual in adults for some time after the Great War. The condition may be defined as " iabitual disregard, coupled with consciousness of the anti-social character of one's acts, in the pursuit of pleasure or the avoidance of displeasure" [12] . There is undouibtedly a psychogenic element in these cases, but they cannot be entirely explained in this way. Sometimes the disease is an isolated event, and sometimes it is associated with widespread deterioration. Parkinsonian syndromes may be accompanied by changes in personality; and another change worthy of note, is the epileptoid mental paroxysm. In the vernacular this is known as a " brain-storm ". It is apt to occur in quite respectable characters after imbibing small quantities of alcohol. It may be purely post-traumatic, but is sometimes allied with schizoid or convulsive tendencies. The paroxysm is frequently accompanied by deeds of violence.
Most authorities are agreed that the incidence of epilepsy following head injuries after the Great War has been much underestimated; and Bolus is of opinion that simple through and through bullet wounds leave effects quite as severe as those of shrapnel and explosive shells. Moreover, epileptic dementia is more frequent and more severe in degree after gunshot wounds than in civil cases.
(a) The acute traumatic psychosis tends towards ultimate recovery. Major attacks of affective disorder, such as the manic-depressive psychoses, commonly reveal a neuropathic inheritance and a personal history. It would seem that trauma can precipitate a manic-depressive attack, or render an existing condition acute; but to connect the event with the trauma the psychosis must come on within a few months, and show some evidence of "bridging" symptoms. The schizoid or paranoid states which sometimes present themselves during the confusional stages of an acute traumatic psychosis, tend to clear up entirely.
Korsakoff's syndrome also tends to disappear, and aphasia and agnosia and other cortical and subcortical symptoms gradually fade away. Should they reappear after a period of apparent normality, no matter how short, they are much more likely to be permanent [12] . Whether a trauma can cause, or even precipitate a schizophrenic psychosis, is a question which is rendered none the less easy to answer because of our lack of knowledge of the pathogenesis of schizoid states. That it can do so is the conclusion of Mapother, and his opinion seems to be gaining weight among psychiatrists; on the other hand, this is not in accordance with the statistics of the Ministry of Pensions.
The persistent contusion of trauma tends to ultimate recovery, but not necessarily complete recovery ; there is sometimes a relapse with progressive deterioration down to dementia. This is more likely to occur in the presence of some toxic condition such as alcohol, or when arteriosclerosis or chronic disease complicates the picture.
(b) There remain to be discussed the connexion between trauma and neurosyphilis, and between trauma and alcohol, and finally the disposal of our cases. In the case of dementia paralytica there are no reliable statistics to guide us, and there are great variations in the rapidity with which the symptoms develop in non-traumatic patients. There is a general impression none the less that head injury plays some part, a " locus minorus resistentiae " for the spirochaete to lodge in. Kinnier Wilson was very sceptical about this; and demanded that, in order 13 United Services Section 63 to establish a connexion betw-een the two, the symptoms should appear within forty-eight hours of the lesion. Other authors, however, consider that this interval may be as long as thirty months. One must not forget that the trauma may be the result of the disease, for in general paralysis injury to the head is quite a probable complication. As regards cerebral syphilis, it is well known that sudden delirium w-ith paralysis of intracranial nerves often ushers in the active signs of the disease; but these are the identical things that occur in many cases after injury to the head. Hence the question is obscure. All that clinicians can say is this, that where latent disease exists, it appears to be rendered an active psychosis after trauma.
Alcoholics are liable to head injuries as a result of their drinking bouts; and it is a commonplace that injury to the head increases their tendency to suffer from the after-effects of quite small quantities of alcohol. The practical difficulty is this, that the symptoms of an alcoholic psychosis and those of certain post-traumatic psychoses are identical. We have already seen that a respectable imitation of the Korsakoff syndrome occurs during recovery from the post-traumatic acute psychosis. One thing, however, can be said with certainty about alcoholics, namely, that they tend to respond with psychotic symptoms to less severe head injuries than non-alcoholics, and that their prognosis is less hopeful in an injury of any given severity. It is sometimes difficult to decide whether a traumatic psychosis has been aggravated by the alcohol, or whether an alcoholic psychosis has been precipitated by the injury. If there was no known mental deterioration prior to the trauma, one would assume that the patient was suffering from a traumatic psychosis aggravated by alcohol. Sometimes a head injury precipitates an attack of delirium tremens, but the same applies to other surgical injuries where the head is not affected.
Wben invaliding the victims of injury to the head, we are confronted with questions of attributability or aggravation, and the degree of disability in terms of percentages. If the injury is attributable, then its sequelhe are obviously attributable too. The injury, however, may not be attributable; on the other hand it miiay have precipitated or aggravated a latent disability. In this connexion beredity and personal history are of vital importance, as wNell as the results of physical exanmination. The patient may have some organic disease, or be the victim of a toxic or degenerative agency, or of some metabolic disorder. Each case must be considere(d on its merits before " aggravation " is conceded. The organic syndrome of cerebral contuision should be much more filly recognized than is often the case, and it should always be remembered that the less obvious symptoins of persistent contusion, taken together, and elicited only after frequent examination of the patient and questioning of his associates, can render an apparently normal man quiite unfit even for lighter and less responsible duties. If there is any retardation of intellectual processes, defect of menmory, more especially recent memorv, and particularly if the patient has lost the power of decision, the disability should be assessed at a much higher figure than is commonly the case.
The question of disposal is frequently a matter of anxiety to the Medical Officer in charge. One hesitates to send a man to duty if he has fits of depression, if his headache and dizziness are constant, and particularly if he is the victim of anxiety. Nothing makes these patients so irritable, and even anxious as regards their sanity, as to find that they are quite unequal to their accustomed labours. Should one decide to invalid, it is wise to warn the relatives of the man's partial incapacity, of the possibility of fits and their equivalents and emotional upsets, at the same time expressing hopefuilness as to the outcome in the long run. In the case of a definite psychosis, one may be compelled to certify, but even in such a case a hopeful outlook is on the whole permissible. The large bulk of the cases are not sufficiently mental to warrant certification. The Mental Treatment Act of 1930 can be invoked with advantage in many of them, and the relatives should be persuaded to cause the patient to become a voluntary inmate or outpatient at a mental hospital.
In assessing and appreciating the condition of these cases of residual mental trauma, it is well to bear in mind the clinical axiom that " It is the summation of small things that matters ".
